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Abstract

Human serum paraoxonase 1 (PON1, EC 3.1.1.2) is a high density lipoprotein (HDL)-associated
antioxidant enzyme that not only decreases oxidative stress, but it is also implicated in
development of many cancers. Genetic information provides a means of identifying people
who have an increased risk of cancer, thus this knowledge of cancer genetics helps to identify
the ability to characterize malignancies leading to the development of new therapeutic
approaches. Because of this reason, in this preliminary study we aimed to investigate the role
of human serum PON1 enzyme activity and phenotypic distribution in 32 breast cancer (BC)
patients (age range 28–82) and 35 cancer free (CF) control group (age range 21–67). PON1
enzyme was prepared from the serum pool of BC patients using hydrophobic interaction
chromatography on L-tyrosine-9-aminophenanthrene-coupled Sepharose 4Bgel. The PON1
enzyme activity towards paraoxon substrate was quantified spectrophotometrically. The basal
activity of PON1 was statistically decreased in cancer cases compared to the control group.
In addition, individuals were classified according to phenotyping of human PON1 Q and R
types. In the cohort of BC patients, an increase in the frequency of the PON homozygote Q
(AA) genotype was observed (31% in the BC group versus 14% in the CF controls). The
frequency of the PON heterozygote QR (AB) genotype was 34.5% in the patients with BC and
37% in the CF group. The same trend was observed in PON homozygote R (BB) genotype
frequency (BC cases 34.5% versus controls 49%). We determined that the kinetic parameters
of the purified enzyme by Lineweaver–Burk method. We obtained Km and Vmax values of
0.227 mM and 62 U/mL min for the BC enzyme, compared with 0.775 mM and 206 U/mL min
for the CF control enzyme. As a conclusion, it is clear from our results that while the PON1 AA
allele frequency in BC cases is much higher, that of BB allele is much lower, in comparison
with the control group. The most significant finding of this study is AA allele activity which is
low in BC cases was found high. We concluded that decreased AA allele PON1 activity might
have a relation with BC.
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Introduction

The paraoxonase (PON) gene family, located on human chromo-
some 7q21.3–22.1, codes for a multifactorial antioxidant enzyme
(EC 3.1.1.2)1. The PON protein family is comprised of PON1,
PON2 and PON3. PON1 is mostly synthesized in the liver and
associates with high density lipoproteins (HDLs) in serum2,3. One
of the best known HDL functions is the transport of plasma lipid
hydroperoxide. HDLs are also carriers of the lipid hydroperoxide-
destroying enzymes PON1, PON3 and glutathione phospholipid
peroxidase4. These enzymes remove lipid peroxidation products.
Lipid peroxidation causes oxidative stress in organisms. It is well
known that oxidative stress is associated with cancer development
and progression5.

The PON1 gene has promoter and coding region polymorph-
isms that affect gene expression levels6. Human serum PON1
exhibits two genetic polymorphisms. These result from exchange
of the amino acids at the 55 or 192 positions. Either glutamine
(Q allele) or arginine (L allele) can be at the 192 position and
methionine (M allele) or leucine (L allele) at the 55 position. Both
Q and R isoforms prevent oxidation of low density lipoproteins
(LDLs). However, the R isoform possesses a higher affinity for
paraoxon than the Q isoform7. These polymorphisms are related
with cancer development. Oxidative stress can damage biological
molecules such as DNA and thus can lead to tumorogenesis.
PON1 prevents oxidation of LDLs and detoxifies oxidative stress
molecules that are carcinogenic1,8–10.

Breast cancer (BC) is a type of cancer that predominantly
influences the morbidity and mortality of females. Genetic factors
and carcinogens are important contributors to the etiology of BC.
Despite this, the molecular mechanisms involved in BC develop-
ment are still unclear10. Several studies have shown that mutations
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of oncogenes and tumor suppressor genes such as BRCA1 cause
oxidative stress and cancer development11. Some lipid peroxida-
tion products also play a role in oncogenesis12. Oxidized LDL is a
casual factor for oxidative stress-related cancers13. Conversely,
HDL acts as an anticarcinogenic agent, as it provides enzymatic
and non-enzymatic generation of reactive oxygen species14.

In this preliminary study, we aimed to investigate the PON1
enzyme in BC cases. It was found that the basal activity of PON1
was statistically decreased compared to the control group. Also,
considering the important role of polymorphism in genetic
susceptibility, we also determined that the phenotypic distribution
in the cancer patients and control groups was AA 14%, AB 37%
and BB 49%.

Materials and methods

Sepharose-4B, L-tyrosine, 9-aminophenanthrene, paraoxon, pro-
tein assay reagents and chemicals for electrophoresis were all
obtained from Sigma Chem. Co. (Milan/Italy). All other chem-
icals used were of analytical grade and obtained from Sigma
Chem. Co (Darmstadt/Germany). The study protocol was
approved by the local human ethics body and informed consent
was obtained from each patient. In total, 32 cases (age range
28–82) at different stages of BC from the Ali Osman Sönmez
Oncology Hospital, Bursa/Turkey, were compared with 35 cancer
free (CF), age-matched controls (age range 21–67). Statistical
analyses were performed according to the HDL, LDL and
cholesterol parameters between the BC and CF groups.

Phenotyping of human PON1 Q and R types

In order to classify individual phenotypes, two parameters were
used. According to Eckerson et al.15, the phenotypic distribution
of PON1 activity is determined by the ratio of basal PON activity
and PON activity in the presence of 1 M NaCl. After the basal and
salt activity measurements of paraoxonase enzyme, phenotype
determination is made by the formula given below:

Paraoxonase activity with 1M NaCl� Basal paraoxonase activity

Basal paraoxonase activity
� 100

Basal paraoxonase activity

For the activity measurement, 0.05 mL serum sample is imme-
diately added in 1 mL buffer (100 mM Tris–base pH: 10.5) and
substrate solution (1 mM paraoxon). Following this addition, basal
activity occurred in absorption is measured for 1 min at 412 nm
37 �C. Later, coenzyme (1 M NaCl) is added to the same solutions
and salt stimulate activity is measured. By this way, the enzymatic
conversion rate of paraoxonto p-nitrophenol is detected. The same
procedure is repeated without enzyme and the difference between
these two is determined as the activity of enzyme. One unit
paraoxonase is accepted as p-nitrophenol which occurred in one
minute, mmol.

Individuals were classified for paraoxonase phenotype using
the antimode at 60% stimulation as the dividing point between
the nonsalt-stimulated, Q type, and the salt-stimulated, QR
(60–200%) and R (200%-up) types.

Purification of human PON1

Human serum was isolated from fresh human blood collected in a
dry tube. The blood samples were centrifuged at 26 916 g for
15 min and the serum was recovered. Firstly, crude serum PON1
was isolated by ammoniumsulfate precipitation (60–80% frac-
tion)16. The precipitate was collected by centrifugation at 26 916 g
for 20 min and then redissolved in 100 mM Tris–HCl buffer
(pH 8.0)17.

The crude PON1 solution was then subjected to hydrophobic
interaction chromatography on a hydrophobic column of
Sepharose-4B-coupled L-tyrosine-9-aminophenanthrene, synthe-
sized according to Gençer et al.17. Briefly, a 1:1 suspension of
Sepharose-4B in water was activated by treatment with 10%
CNBr. The mixture was titrated to pH 11 in an ice bath and
maintained at that pH for 8–10 min. The reaction was stopped by
filtering the gel on a Buchner funnel and washing with cold 0.1 M
NaHCO3 buffer, pH 10.0. L-tyrosine was then coupled to the
activated Sepharose-4B by addition of a saturated L-tyrosine
solution in 0.1 M NaHCO3 buffer of pH 10.0. The reaction was
completed by stirring with a magnet for 90 min. The L-tyrosine–
Sepharose-4B gel was then extensively washed with distilled
water to remove the excess of L-tyrosine. The final hydrophobic
gel was obtained by diazotization of 9-aminophenanthrene and
coupling of this compound to the L-tyrosine–Sepharose-4B gel.
The pH was adjusted to 9.5 with 1 M NaOH and, after
gentle stirring for 3 h at room temperature, the coupled Red
Sepharose derivative was washed with water and then an excess
of 0.05 M Tris–sulfate, pH 7.5. The column was finally
equilibrated with 0.1 M Na2HPO4 buffer, pH 8.0 containing 1 M
ammonium sulfate.

The paraoxonase was eluted with ammonium sulfate gradient
using 0.1 M Na2HPO4 buffer with and without ammonium sulfate
pH 8.00. The purified PON enzyme was stored in the presence
of 2 mM CaCl2 at +4 �C, in order to maintain activity17.

Paraoxonase enzyme assay

PON1 enzyme activity towards paraoxon substrate was quantified
spectrophotometrically by the method described by Gan et al.18.
The reaction was followed for 2 min at 37 �C by monitoring the
appearance of p-nitrophenol at 412 nm in a Biotek automated
recording spectrophotometer. A molar extinction coefficient (e) of
17 100 M�1 cm�1 for p-nitrophenol in 100 mM Tris–base buffer,
pH 8.0 was used for the calculation. PON1 activity (1 Ul�1) was
defined as 1 mmol of p-nitrophenol formed per minute.

Statistical analysis

Statistical analyses were performed using the SPSS software
package, version 10.0 for Windows. Clinical laboratory data were
expressed as mean ± standard deviation. Mean values were
compared between patients with BC and healthy individuals by
Student’s t test.

Results and discussion

PON1 was purified from two separate pooled serum samples,
obtained from BC patients and control individuals, respectively,
by a two-stage process involving ammonium sulfate fractionation
followed by hydrophobic interaction chromatography on a
prepared 9-aminophenanthrene-L-tyrosine–Sepharose4B17. The
purified PON1 gave a single band of 43 kDa molecular weight
on an SDS-PAGE gel.

Our subsequent study has two main parts: firstly a comparative
analysis of the polymorphism of PON1 in BC cases; and secondly
kinetic studies of PON1 from both BC and (CF) groups.

In the first part, we investigated PON1 enzyme polymorphism
in 32 BC cases compared to 35 CF control serum samples. In our
BC test group, we found that the frequency of the AA phenotype
was 31%, AB was 34.5% and BB was 34.5%. In contrast, the CF
control group gave frequencies of 14%, 37% and 49%, respect-
ively. It is thus clear from our results, that while the PON1 AA
allele frequency is much higher, that of the BB allele is much
lower, in comparison with the control group (Figure 1). So there is
no significant relation between BC and control group.
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In the second part of the study, we combined serum samples
from the 32 BC patients (aged between 28 and 82, and in different
stages of BC) to give a single serum pool. Likewise, we combined
serum samples from the CF control group of 35 women (aged
21–67 and who have not been diagnosed with any serious
illnesses). PON1 was then purified by hydrophobic interaction
chromatography from each of the two pools, and the kinetic
constants were measured and compared between pools. We
obtained Km and Vmax values of 0.227 mM and 62 U/mL min for
the BC enzyme, compared with 0.775 mM and 206 U/mL min for
the CF control enzyme.

In addition, we also compared measurements of various lipid
parameters, i.e. cholesterol, triglyceride, HDL and LDL (mg/dL)
values, with the basal PON1 activity, and also PON1 activity
induced by high salt, for both CF and BC groups (Tables 1 and 2).

Phenotype determination was also performed, using the ratios of
PON1 basal activities and PON1 activities induced with salt.
In the control group, the basal activity was generally between
0 and 50 U, though some values450 U values were also observed.
After salt induction, values of 40–200 U were generally obtained,
with a few cases being above or below this range. Cholesterol
values were 150–250 mg/dL, triglyceride 50–150 mg/dL, HDL
30–70 mg/dL, and LDL between 50 and 200 mg/dL. In the BC
group, the basal PON1 activity was between 15 and 70 U, which
after salt induction was raised to 25–190 U. Lipid measurements
gave values of cholesterol as 115–240 mg/dL, triglyceride
50–235 mg/dL, HDL 30–90 mg/dL and LDL 30–160 mg/dL
(Figures 2 and 3).

Many studies have investigated the links between common
genetic variants and cancer risk, as most common cancer types

Table 1. Serum paraoxonase enzyme activities, lipid and other parameters of BC cases.

Sex Age CHOL (mg/dL) TG (mg/dL) HDL (mg/dL) LDL (mg/dL) Basal activity (U)
Salt stimulated

basal activity (U) Phenotype

1 F 28 116.89 51.18 66.07 40.57 37.63 38.07017 AA
2 F 58 165.55 49.52 65.12 90.53 36.84 63.85964 AB
3 F 82 161.06 128.16 90.25 45.17 41.75 111.75437 AB
4 F 51 153.53 97.92 60.61 73.34 68.77 99.47367 AA
5 F 41 176.94 163.56 39.53 104.68 58.95 76.14034 AA
6 F 69 195.36 54.86 75.4 108.96 26.53 28.24561 AA
7 F 43 226.56 277.25 36.5 134 28.25 92.10525 BB
8 F 63 223.78 118.46 57.28 142.8 17.19 63.85964 BB
9 F 46 193.36 180.78 57.5 99.68 45.44 128.94735 AB

10 F 46 18.42 92.10525 BB
11 F 72 234.05 227.83 61.78 126.7 27.02 31.92982 AA
12 F 32 212.49 85.71 76.14 119.2 1.23 20.87719 BB
13 F 50 182.63 129.33 71.26 85.5 35.61 111.75437 BB
14 F 59 179.61 159.59 63.27 84.42 15.96 19.64912 AA
15 F 49 162.97 122.31 42.71 95.79 44.21 65.08771 AA
16 F 33 8.6 9.82456 AA
17 F 42 116.12 68.95 70.03 32.28 50.35 184.2105 BB
18 F 51 193.53 72.42 70.12 108.93 49.12 135.0877 AB
19 F 53 36.84 50.35087 AA
20 F 53 121.95 166.9 54.5 34.07 9.82 29.47368 AB
21 F 75 175.93 126.31 47.82 102.84 23.33 97.01753 BB
22 F 42 148.36 113.59 47.39 78.25 4.91 61.4035 BB
23 F 50 135.18 127.2 55.6 54.14 15.96 82.28069 BB
24 F 72 170.91 48.82 78.37 82.76 15.96 62.63157 BB
25 F 52 191.28 85.93 90.31 83.79 17.19 39.29824 AB
26 F 66 219.12 217.5 72.98 102.65 6.14 25.78947 BB
27 F 63 237.59 189.81 62.47 137.15 70 105.61402 AA
28 F 56 202.25 111.1 63.54 116.48 57.72 117.89472 AB
29 F 60 226.33 163.96 74.59 118.95 76.14 186.66664 AB
30 F 38 175.62 91.71 58.78 98.5 67.54 120.35086 AB
31 F 79 147.86 98.59 54.4 72.12 39.3 79.82455 AB
32 F 51 166.62 78.76 58.07 92.81 71.23 126.49121 AB

Figure 1. The distribution graph of phenotype
PON1 192 Q/R (A/B) for BC cases group and
CF group.
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are influenced by population and family genetics in which shared
genetic variations contribute a proportion of cancer risk19. There
are several studies about the putative relationship between PON
polymorphism and cancer1,2,8,19. However, our study is the first
attempt to investigate PON1 polymorphism in Turkish female BC
patients. It is clear from the literature that PON1 enzyme activity
varies according to polymorphism. One of the most important
results of this study relates to the AA allele of PON1, which has a
lower enzymatic activity and occurs with a much higher
frequency in BC patients. Indeed, many researchers have
suggested that low PON1 activity may increase cancer risk20,21.

Despite its physiological and therapeutic importance, the structure
and mechanism of action of PON1 have yet to be elucidated.

Controversy results have been obtained in the majority of
studies about PON gene polymorphisms and risk of BC. Saadat
had identified six eligible studies, including 3943 subjects (1608
patients and 2335 healthy controls) in relation to the polymorph-
isms of PON1 and risk of BC1 and he had found from the meta-
analysis of published data, M and Q alleles of the PON1 gene
were associated with an increased risk of BC according to the
comparative studies from Italy, Egypt, USA, Malaysia and
Turkey. However, another study, investigating BRCA1 mutations

Table 2. Serum paraoxonase enzyme activities, lipid and other parameters of CF group.

Sex Age CHOL (mg/dL) TG (mg/dL) HDL (mg/d) LDL (mg/dL) Basal activity (U)
Salt stimulated

basal activity (U) Phenotype

1 F 37 73.45 20.88 44.21 AB
2 F 67 61.23 55.25 57.72 AA
3 F 34 152.71 62.22 64.62 75.64 14.74 58.95 BB
4 F 29 176.53 81.96 62.31 97.82 3.68 180.53 BB
5 F 31 57.81 23.33 70 AB
6 F 28 107.09 54.56 45.09 51.1 14.74 50.35 BB
7 F 29 193.38 111.48 66.93 104.15 42.98 112.98 AB
8 F 29 13.51 39.3 AB
9 F 58 51.58 152.28 AB

10 F 43 228.18 226.11 35.45 147.5 58.95 186.67 BB
11 F 49 199.78 87.15 46.45 135.9 15.96 35.61 AB
12 F 55 31.93 121.58 BB
13 F 37 181.28 54.63 50.56 119.79 52.81 187.89 BB
14 F 46 40.53 116.67 AB
15 F 61 25.79 47.89 AB
16 F 34 14.74 33.16 AB
17 F 31 167.37 58.42 52.92 102.78 34.39 36.39 AA
18 F 23 17.13 89.65 BB
19 F 37 154.56 150.37 43.49 81.01 38.07 97.02 AB
20 F 27 144.9 71.45 80.34 50.25 38.07 120.35 BB
21 F 52 278.42 111.76 66.67 189.38 30.7 138.77 BB
22 F 54 211.86 105.28 50.67 140.13 14.74 30.7 AB
23 F 33 8.6 45.44 BB
24 F 39 370.42 695.05 35.85 195.55 12.28 72.46 BB
25 F 47 193.62 201.83 28.73 124.53 9.82 24.56 AB
26 F 35 24.56 54.03 AB
27 F 24 141.55 59.7 74.35 55.25 22.1 88.42 BB
28 F 41 182.52 484.29 35.34 50.32 6.14 41.75 BB
29 F 27 9.82 39.3 BB
30 F 23 76.14 81.05 AA
31 F 21 136.32 445.79 BB
32 F 24 101.93 155.96 AA
33 F 25 169.47 648.42 BB
34 F 22 114.21 124.03 AA
35 F 32 136.32 487.54 BB

Figure 2. The graph of basal activities of
PON 1 and salt stimulated PON1 activities of
BC group and CF group.

1352 M. O. Kaya et al. J Enzyme Inhib Med Chem, 2016; 31(6): 1349–1355



in BC, demonstrated an association of the Q192R and L55M
PON1 SNPs with BC. According to Steven’s group, both of these
polymorphisms are common and influence PON1 activity20, and
these results are the most positive in suggesting that PON1 may
influence BC development.

In another study done in 100 BC, Egyptian females and this
study has confirmed the M allele of PON1 L55M polymorphism
could be a suitable marker for BC susceptibility and tumor
prognosis in Egyptian women21. Also Ağaçhan et al. had
investigated the risk factor of BC relation of PON 1 and they
had found PON1 192 genotype distribution have different risk
ratios between BC and control group10. According to their results
they had confirmed the relation between oxidative stress and BC
risk in Turkish females.

In our preliminary study, the sample of this research consists
of thirty three 28–82-year-old women diagnosed with BC and
21–67-year-old 30 healthy women. The enzyme polymorphism of
the PON1 serum found in the blood taken from the sample was
studied. While the AA phenotype was 31%, ABB phenotype was
34.5% and BB phenotype was 34.5% in the experimental group;
the values were respectively found as 14%, 37%, 49% in the
control group. The results indicate that PON1 AA allele is higher
in the experimental group whereas the BB allele is lower than the
one in the control group (Figure 1). The most significant finding
of this study is the fact that AA allele activity which is low in BC
cases is found high.

Previous studies (carried out so far) have shown that more than
160 polymorphisms are detected in PON1 gene’s coding
sequences, introns and genes regulatory part which is a
promoter22. Polymorphism in PON1 enzyme’s activity is different
and varies from others in terms of ethnic origin23. At first, in
1973, Von Mallinckrodt and his coworkers demonstrated that
PON 1 enzyme shows genetic polymorphisms and activities of
enzyme have trimodal distribution24. Molecular basis of para-
oxonase activity polymorphism is related to the displacement of
two amino acids by spontaneous mutations in coding sequence.
One of these mutations in coding sequence is occurred due to the
change from glutamine (Q) to arginine (R) in codon 192.

In addition to PON1, M/L55 and Q/R192 polymorphisms in the
coding sequence of PON1, at least five more polymorphisms are
detected on promoter sequence. These polymorphisms are found
in�107/�108 (C/T),�126 (C/G),�160/�162 (A/G),�824/�832
(A/G) and�907/�909 (C/G). Polymorphisms in the promoter of
PON1 gene have great effects on gene expression and serum levels
of enzymes. Polymorphisms in promoter are also found in PON1

gene 30 non-coding sequence but the importance of them is not
known yet.

Paraoxonase polymorphic distribution shows considerable
alterations between the races. In Turkish population, RR allele
was found at quite low levels. For tri modal distribution, the
frequency of QQ, QR and RR alleles were detected as 48.6%,
41.0% and 10.4%25. Q allele which shows low activity is high in
Europe, Canada, America and low in Australia, Aborigine and
Zambia. PON1 gene shows two important polymorphisms which
are Q/R 192 and M/L 55. The most common one is Q/R 192
polymorphism. Because the polymorphism in PON1 enzyme
activity is dependent on substrate and it varies from population to
population which has different ethnic origins, this was shown by
the studies26. The molecular basis of paraoxonase activity
polymorphism is related to the displacement of two amino acids
by spontaneous mutations in coding sequence. One of these
mutations in coding sequence is occurred by the change from
glutamine (Q) to arginine (R) in codon 19227. This polymorphism
in PON1 activity is dependent on substrate. Second change in
coding sequence is the conversion of leucine (L) to methionine
(M) located on 55th position (Figure 4)28. It is found that this
mutation has low effect on PON1 activity whereas it affects the
level of protein in serum29,30. Paraoxon hydrolysis activity of
protein that is coded by R allele of PON1 is eight times higher
when it is compared to Q allele31. Also, Q form of PON1 is more
effective in oxidized HDL and LDL metabolism compared to
R form32. This genetic polymorphism also affects the concentra-
tion of serum protein. Homozygote R individuals have high
enzyme concentration when it is compared to homozygote Q
individuals33. Polymorphic distribution in different populations
causes variation between individuals34. Phenotyping methods are
developed by the discovery of qualitative and quantitative
difference in allozymes of PON1. At first, in 1983, two
phenotypes were defined by Eckerson which is based upon
different responses of two isoenzymes to salt and pH15. In the
presence of salt (NaCl), homozygous R allozyme (RR) has high
enzyme activity to paraoxon.

In our second part of the study, we used hydrophobic
interaction chromatography to purify PON1. One of the most
important reasons for the selection of this technique is the known
hydrophobic character of PON135. The H1 hydrophobic sequence
between residues 7 and 18 includes leucine, phenylalanine,
proline, isoleucine, tyrosine, tryptophane and valine residues. The
H2 hydrophobic sequence occurs between residues 185 and 202.
In addition, there is a partially hydrophilic region between

Figure 3. The graph of HDL, LDL,
cholesterol and triglyceride levels of BC
and CF group.
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PON1’s hydrophobic surface and HDL. This region is rich with
tryptophane, tyrosine and lysine amino acids. Sinan and col-
leagues purified human serum PON1 and determined the Km and
Vmax values of the enzyme to be 4.16 mM and 227.27 EU,
respectively16. Kılınç and his group purified the human 192Q and
192R PON1 isoenzymes using a multi-step procedure. They
measured the kinetic values of 192Q and 192R PON1 for
homocysteine thiolactone, which were 23.5 mM and 22.6 mM,
respectively. For 192R PON1, the Vmax was 2.5-fold higher and
the kcat/Km was 2.6-fold higher than the respective values for the
192Q PON1, using homocysteine thiolactone as the substrate36.

Our study is the first report for the purification of PON1, by a
rapid one step procedure with high yield, from serum pools
derived from both BC and control groups. We have then
compared data on both enzyme kinetics and PON1 polymorph-
isms, which have revealed differences in both parameters and
we obtained Km and Vmax values of 0.227 mM and 62 U/mL min
for the BC enzyme, compared with 0.775 mM and 206 U/mL min
for the CF control enzyme. Therefore, according to our results, the
most significant finding of this study is the fact that AA allele
activity which is low in BC cases is found high, in fact literature
review also shows that the low PON1 activity increases the cancer
risk. The future challenges may identify novel pathways according
to the enzyme kinetics which provide new targets for therapeutic
intervention in the practice of clinical medicine.
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